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Abstract 
In this work the sensitivity of pure and metal nanoparticles functionalized WO3 thick films towards hydrocarbon-mix 
(HC-Mix) has been studied based on work function readout by means of Kelvin Probe technique. Measurements have 
been performed in synthetic air and dry nitrogen atmosphere in the temperature range between 25° and 200°C. The 
strongest signals were achieved with PtPd-nanoparticles functionalized WO3 thick layers at 120-140°C. The influence 
of oxygen on the sensing mechanism has been discussed.     
 
© 2012 Published by Elsevier Ltd. 
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1. Introduction 
Sensing of volatile organic compounds (VOC) is significant for indoor monitoring. Inexpensive, low 
power sensors are in high demand for these applications and can be realized in work function readout 
based devices like GasFETs. Very promising sensing layers to be included in GasFETs are metal oxides 
because of their stability and well-established, easy and controlled layer preparation processes. The main 
disadvantage of these materials is low gas selectivity. Many approaches for improvement of sensitivity 
and selectivity of metal oxide based gas sensors by creating metal oxide nanostructures [1] or 
functionalizing these layers with noble metals [2,3] are already done. Here, we studied the influence of 
Pt-, Pd- and PtPd-nanoparticle functionalization of WO3 thick layers on hydrocarbon-mix (HC-Mix) 
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sensing behaviour. Measurements were performed in synthetic air and in dry nitrogen to investigate the 
influence of humidity and oxygen on gas sensing behaviour.   
2. Materials and Methods  
Work function measurements were performed with Kelvin Probe setup as described by Stegmeier [4]. 
Sensing layer for Kelvin probe measurements were prepared on alumina substrate with screen printed 
platinum heater on the bottom side and back electrode sputtered with gold or platinum on the top side. 
WO3 thick films were screen printed on the back electrode (area 5 mm2) and dried at 130°C for 30 
minutes. Metal nanoparticles with concentration of  1.4 mM (Pt-NP, PtPd-NP) and 2.5 mM (Pd-NP) were 
prepared as described elsewhere [5]. Moreover, the bimetallic nanoparticles of PtPd were synthesized 
with atomic molar ration of [Pt]/[Pd] 70:30. 2μl of metal nanoparticles colloidal dispersion was added to 
dried WO3 layer and subsequently annealed in O2 atmosphere at 600°C for 2 hours. The layer thickness 
was 8μm (Fig. 1).  
          
 
Fig. 1:  Laser scanning profilometer image. (a) Topography and (b) layer thickness profile of WO3 layer. 
Measurements were performed in synthetic air (80% nitrogen, 20% oxygen) with 40% relative humidity 
and in dry nitrogen at a temperature range between 25°C and 200°C with a total gas flow of 1 l/min. 
Hydrocarbon-mix consisting of acetylene, ethane, ethene and propene was used as target gas. 
3. Results and Discussion 
Fig. 2(a) and 2(b) show the work function response of pure and metal nanoparticles functionalized 
WO3 layers to HC-Mix in synthetic air at different temperatures between 25° and 200°C. Results on gold 
and platinum back electrode are similar. No signal can be observed at room temperature neither on pure 
nor on functionalized WO3 layer. Pt- and PtPd-nanoparticles functionalized WO3 layers show strong, fast 
and reversible response to HC-Mix in the temperature range between 100°C and 160°C. A strongest 
response to HC-Mix can be observed at 120°C -140°C with PtPd-nanoparticles functionalized WO3 
layers. The influence of the Pt-back electrode in work function response at room temperature can be 
observed after the heating ramp finishes (Fig. 2b). In addition, the response of the pure WO3 layers is in 
the opposite direction and increases with increasing temperature. Fig. 3(a) represents the measurement of 
(b) (a) 
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pure and functionalized WO3 layer on gold electrode in dry nitrogen. All layer show similar behaviour. 
No reaction to HC-Mix can be observed in the temperature range between 25°C and 200°C. The influence 
of humidity on HC-Mix sensing of pure and PtPd functionalized WO3 layers on gold and platinum 
electrode at 120°C in synthetic air and in nitrogen is represented in the figure 3(b). It can be observed that 
the work function response to HC-Mix occurs only in the presence of oxygen. Pure and PtPd-
nanoparticles functionalized WO3 layers on gold and platinum electrode behave similar.  
 
 
Fig. 2: Kelvin Probe measurement: Work function response ǻĭ of WO3 (black line), Pt functionalized WO3 (blue line), Pd 
functionalized WO3 (green line) and PtPd functionalized WO3 (red line) layers on a gold (fig. 2a) and platinum (fig. 2b) back 
electrode to 50 ppm and 100 ppm HC-Mix. The measurements were performed in synthetic air (20% O2, 80% N2)) at a total gas 
flow of 1 l/min, at varying temperature (25° to 200°C) and relative humidity of 40%. 
 
 
Fig 3: (a) Kelvin Probe measurement: Work function response ǻĭ of WO3 (black line), Pt functionalized WO3 (blue line), Pd 
functionalized WO3 (green line) and PtPd functionalized WO3 (red line) layers on a gold back electrode to 50 ppm and 100 ppm 
HC-Mix. The measurements were performed in dry nitrogen at a total gas flow of 1 l/min, at varying temperature (25° to 200°C). 
(b): Kelvin Probe measurement: Work function response ǻĭ of WO3 on gold and platinum electrode (black and grey line) and PtPd 
functionalized WO3 on gold and platinum electrode (red and magenta line) to HC-Mix in synthetic air and in wet and dry nitrogen.  
We assume that the reaction of functionalized WO3 layers in the presence of oxygen occurs due to the 
formation of oxygen species on the metal layer surface [6] that promotes the target gas reaction. In an 
oxygen free atmosphere no reactions with HC-Mix take place (Fig. 3 (a) and (b)). The presence or 
(b) (a) 
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absence of humidity shows no influence on the HC-Mix sensing behaviour of pure and metal 
nanoparticles functionalized WO3 thick layers (fig. 3b). 
4. Summary and Outlook 
We studied the influence of metal nanoparticles functionalization of WO3 thick films on HC-Mix 
sensing behaviour in different atmospheres (synthetic air and in oxygen free). Metal nanoparticles reveal 
strong influence on gas sensing behaviour. Monometallic (Pt-, Pd) and bimetallic (PtPd) nanoparticles 
functionalized and pure WO3 thick layers show different sensing behaviour towards HC-Mix. It was 
shown that PtPd-nanoparticles functionalized WO3 layers can be successfully used in work function 
based devices for HC-Mix sensing operating at 120- 140°C. The presence of oxygen is crucial for gas 
reaction. The influence of humidity is negligible. Further investigations on reaction mechanism are 
underway. 
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